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slurry of porous granules comprising zinc, im- 
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Field of Invention 

I The present invention relates to electrodes for use in battery cells, particularly zinc-air battery cells of the 

type used as a power source in electric vehicles, and a method for making the same. 

5 

Background of the Invention 

Metal-air and particularly zinc-air battery systems are known In the art and due to their high energy den- 
sities, relative safety of operation and the possibility of ready mechanical recharging, such systems have been 

10 suggested as a power source for electrically propelled automotive vehicles. To date, for various reasons, such 
systems have yet to meet with significant commercial success. 

One of the principle drawbacks of battery systems as a power source for automotive vehicle propulsion, 
and particularly zinc-air battery systems, resides in the difficulty in achieving the combination of both a high 
continuous current drain, such as is needed for extended uphill driving, with short term high peak power output 

15 such as is needed for quick acceleration, while at the same time maintaining a high energy density and fecil- 
itating rapid rechargeability. 

On the one hand, in order to achieve high continuous current drain a large reservoir of active anode ma- 
terial is needed. Due to space and other considerations this is generally best achieved by incorporation of a 
highly porous active anode element having large-surface active anodic material. 

20 By contrast, in order to achieve high peak power output, i.e. the ability to provide a very high level of power 
for short bursts of time, studies have found that a tight interparticulate structure of the active anodic material 
is advantageous. This comes at the expense of the porosity of known powdered anodes and can drastically 
reduce the current capacity of the battery. 

To date, in known-in-the art battery systems much emphasis has been placed on achieving high capacity. 

25 Zinc anodes in various battery systems are generally formed in one of two broad families of processes: Ac- 
cording to one family, particularly applicable to primary alkaline batteries, the anodes are constructed from 
finely powdered zinc typically produced by a thermal atomization process. The resultant zinc powder typically 
has a particulate size distribution of between 0.0075 to 0.8 mm and a surface area of between 0.2 - 0.4 m^gn 
it is generally combined with mercury, sodium carboxymethyl cellulose and KOH solution to form a gelled mass 

30 readily extruded into an anode form. Alternatively the powdered zinc may be sintered, or wetted with mercury 
and pressed into a plate. Porosity of the anoide may be controlled by use of removeable pore forming materials 
such as NH4CI. The density of the zinc anode material produced by such methods is typically within the range 
of2.5-3.5gr/cc. 

According to a second family of processes, exemplified by an anode proposed by Ross. U.S. Pat. No. 

35 4,842,963, claimed to be particularly suitable for electrically rechargeat^le zinc-air batteries, the electrode Is 
prepared by directly electro-plating metallic zinc from a solution of zinc ions onto a current collector. The elec- 
troplating process may be done external to the battery cell, or in secondary battery applications, within the 
cell itself. The current collector may be in the form of a metallic plate, metallic mesh, metal foam or conductive 
carbon foam. Alternatively, a zinc electrode is prepared by pasting a mbcture of zinc oxide and plastic binder, 

40 typically teflon, onto a current collector; the zinc oxide Is then electroformed to zinc directly on the current 
collector within the cell. 

At typical current densities appropriate to use in electric vehicles it has been found that zinc-air batteries 
In which the anodes are constructed according to the above methods fail to provide a combination of rapid 
rechargeability, high current capacity and high peak power output. Hence it would be desirable to develop an 
45 anode capable of providing a battery with all of these attributes, i.e. high current density, rapid rechargeability, 
high current capacity and high peak power output 

In an effort to further increase the advantages of using zinc- air battery systems for electro-automotive pro- 
pulsion, it has been further proposed to employ a mechanically rechargeable battery system comprising a rigid 
anode designed to be rapidly removed and replaced on a periodic basis at service stations specifically equipped 
50 for the purpose. The spent anodic material, which after use has been oxidized, may then be recycled external 
to the battery for later reuse in other batteries. To facilitate recycling of the active anodic material. It Is necessary 
to separate the spent anodic material from the other anode components. 

It would therefore also be desirable to provide an anode easily removeable from the battery cell, in which 
the active anodic material is readfly separable from the supporting anode structure so as to facilitate recycling 
55 of the anodic material external to the cell. 
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Summary of the Invention 

I Thus, it is a principle object of the invention to provide a zinc anode having improved performance char- 

acteristics, particularly suitable for use in mechanically rechargeable zinc-air batteries. 
5 It is a further object of the invention that the anode provide a combination of high energy density, high 

continuous current capacity and high peak power. 

Another object of the invention is that the anode be of such construction to facilitate easy separatbn of 
the active anode element from other constructional elements of the anode. 

It is yet a still further object of the invention to provide a method for preparation of an anode meeting the 
10 aforementioned objects. 

With these objects In mind there is now proposed according to the present invention a composite zinc 
anode, comprising a substantially planar skeletal frame. The skeletal frame comprises conductive metal ma- 
terial and a portion of its surface area is formed as open spaces. An active zinc anode component encompasses 
the frame. To achieve the combined objects of high continuous current drain and high peak power, the said 
IS active anode component is formed of a slurry of porous granules comprising zinc, impregnated with and sus- 
pended in an electrolyte. This slurry Is compacted under pressure to the frame to form a removeable anode 
unit. 

More particularly, according to one aspect of the invention there is provided a zinc battery anode, com- 
prising a substantially planar skeletal frame including conductive metal and having a portion of its surface area 

20 formed as open spaces, and further comprising an active zinc anode component encompassing the skeletal 
frame, said active anode component being formed of a slurry of porous granules comprising zinc, impregnated 
with and suspended in an electrolyte, and compacted under pressure to the skeletal frame. 

In especially preferred embodiments of the present invention there is provided a rechargeable zinc battery 
anode, particularly for mechanically rechargeable zinc-air batteries of the type having a housing defining an 

25 interior space and containing therein a replaceable metal electrode, said anode comprising a substantially pla- 
nar skeletal frame including conductive metal and having a portion of its surface area formed as open spaces, 
and further comprising an active zinc anode component encompassing the skeletal frame, said active anode 
component being formed of a slurry of porous granules comprising zinc, impregnated with and suspended in 
an electrolyte, and compacted under pressure to the skeletal frame wherein said zinc anode is configured for 

30 removal from said Interior space to enable the mechanical replacement thereof. 

The porous zinc granules, which may be produced by electro- plating processes, provide for a high energy 
density and high continuous current capacity. The compacting of the granules under pressure both binds the 
slurry to itself and to the skeletal frame and establishes the close inter-particulate association necessary to 
achieve high peak power. 

35 According to another aspect of the invention there is provMed a method for producing such an Improved 
anode for a zinc-air battery. The method comprises the steps of (i) forming a skeletal frame from a conductive 
metal, the frame having some open spaces; (ii) producing a slurry of porous granules comprising zinc, impreg- 
nated with and suspended in an electrolyte; (iii) introducing the slurry and the skeletal frame into a slurry conv 
paction device such as for example a die press; (iv) compacting the slurry under pressure to form a rigid plate 

40 while allowing excess electrolyte to run-off. According to a second embodiment of this aspect, a skeletal frame 
consisting of a comb-like series of rigid rods or wires formed of plastic and/or conductive metal is employed. 
The slurry is compacted into plate form, and the skeletal frame is inserted into the slurry bed before, during 
or after compacting. 

In a further aspect of the present invention there is provided a zinc-air battery cell, adapted for multiple 
45 discharge and recharge cydes, comprising a housing defining an interior space for containing therein a re- 
placeable zinc battery anode as defined above in combination with a bifunctionat air electrode adapted to con- 
stitute a charging electrode adapted upon reversal of current flow to effect the reduction and regeneration of 
the active zinc in a first mode of operation and wherein said zinc anode is configured for removal from the 
interior space to enable the mechank:al replacement thereof as well as being rechargeable in situ by the ap- 
50 plication of electric current to said bifunctk>nal air electrode to reduce oxkiised active zinc thereof. 

Further constructional features and advantages of the invention will become dear In light of the following 
detailed description of the anode and method for its production. 

Brief Description of the Drawings 

55 

Fig. 1 is a perspective of a typical known monopolar mechanically rechargeable zinc-air t>attery cell; 
Fig. 2 is a perspective view of the anode contained in the cell of Fig. 1 ; 
Fig. 3 is a side view of the anode of Fig. 2; 
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Fig. 4 is an exploded view of the anode of Fig. 2 acccording to one embodiment of the invention; 
Fig. 5 is an exploded view of a second embodiment of the anode of Fig. 2; 
^ Fig. 6 is a schematic cross section of a die-press used in the production of the anode of Figs. 4 or 5; and 
Fig. 7 is a schematic illustration of an alternative method for producing the anode of Fig. 5. 

5 

Detaiied Description of the invention 

The invention comprises an improved anode particularly suitable for use in a mechanically rechargeable 
zinc-air battery cell. 

10 Referring to Fig. 1, there is illustrated a typical Icnown-ln-the-art mechanically rechargeable monopolar 
zinc^air battery cell 10, of the type in which the anodes proposed according to the present invention would be 
particularly suited. The cell 1 0 generally comprises a housing 1 2 formed of a corrosion resistant material, suit- 
ably polypropylene plastic. Part of the sides of housing 12 are removed. An air cathode 14 having a metallic 
support screen, an air permeable but liquid impermeable waterproofing layer, and an oxygen reduction cata- 

IS lyst. typically carbon based, is fitted to at least one of the sides of housing 1 2 to form a liquid tight compartment. 
A positive electrical contact terminal 16 is provided. 

The cell 10 additionally comprises a replaceable planar metal anode, generally denoted 20, comprising a 
skeletal frame 22, a sealing crown 24, an active zinc anode element 26, and a negative electrical contact 28 
as will be described in greater detail below. A set of protective screens (not shown) comprising physical sep- 

20 arators and optional Ion selective membranes are either fixed in the cell or attached to the sides of the anode 
to form a removeable cassette unit. Crown 24 is constructed so that upon insertion of anode 20 into housing 
10 a liquid tight compartment is formed. 

In operation, anode 20 and a suitable electrolyte are positioned in housing 10. When placed under electric 
load, the electrolyte completes an electric current producing circuit between the air electrode 14 and the zinc 

25 anode 20. Once the active zinc is partially or completely expended, anode 20 is readily removed and replaced 
by a new anode comprising fresh active material. 

According to a further aspect of the present invention, the cell 10 is provided with a bifunctionarair elec- 
trode 14 generally of the description given above with reference to Fig 1, however incorporating a highly oxi- 
dation and corrosion resistant composite catalyst, typically formed of a mixture of transition metal oxides. Such 

30 bifunctional air electrodes are Itnown in the art with respect to solely electrically rechargeable battery cells, 
and therefore need not be further described. 

As best seen in Fig. 4, the skeletal frame 22 is suitably a generally planar sheet of a conductive metal, for 
example copper, nickel, titanium, or steel, optionally coated with tin, lead, cadmium, nickel, silver or their alloys, 
and fornned with a plurality of open areas or holes 30. Holes 30 constitute at least 50% of the surface area of 

35 the face of the skeletal frame 22. it should be understood that skeletal frame 22 may have various configura- 
tions not necessarily limited to a planar sheet, such as those derived from woven filaments, expanded mesh, 
or a cellular structure such as a honeycomb. The holes 30 may be introduced by any known processes, in- 
cluding punching, cutting, drilling, weaving, welding, soldering, brazing or casting the material from which frame 
22 is formed. 

40 Alternatively, as illustrated in Fig. 5, the skeletal frame 22' may be comprised of a series of rigid rods or 
wires 32 projecting from the crown 24* as illustrated. The rods or wires 32 may be suitably constructed of any 
of the conductive metals mentioned above. As a weight saving feature, the rods 32 alternatively may be formed 
of inert plastics, suitably polypropylene, nylon, fluoro polymers or polyvinylchloride, optionally all or some of 
which are coated with the siaid conduc^e metals. A combination of metal and plastic rods may be incorporated 

45 as well. 

The active anode element 25 (or 26') is formed from a slurry of porous zinc granules impregnated with 
and suspended in any suitable electrolyte. The slurry is cold- compacted under pressure at room temperature 
until adherence of the granules into a rigid static bed of active anode material is achieved. Slurry prepared 
from porous granules comprising zinc impregnated with and suspended in an electrolyte comprising an aqu- 

50 ecus solution of a hydroxide of a group la metal, and optionally including inorganic corrosion inhibitors (e.g. 
PbO, CdO. ZnO, HgO, \r\2Oz, Bi203, SnO or combinations thereof), organic corrosion inhibitors (e.g. phosphate 
esters or tetramethyl ammonium hydroxide), gelling agents (e.g. carboxymethyt cellulose), electrolyte extend- 
ers (e.g. sodium silicate), fillers (e.g. graphite) and a labelling agent (e.g. cresol red), produced according to 
the teachings of our copending European Patent Application 91312077 (hereby incorporated by reference), has 

ss been found to be particularly suitable. A preferred embodiment of slurry for compaction Is formed by homog- 
enizing the slurry in a blender-type machine. 

it is this use of a highly porous anodic material compacted to a state of tight Interparticuiate structure, but 
stOI more porous than known-in-the-art zinc anode precursors that provides for the combined attributes of high 
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energy density while at the same time providing high current capacity and high peak power. 

Adie-press 40 for compacting the anode 26 (or 26*) Is illustrated in Fig. 6. The die comprises a lower female 
member 42, having a recess 44 and a mating upper male member 46. Channels 48 are provided to allow for 
the run-off of excess electrolyte when the slurry is compacted. It should be understood to those skilled in the 
5 art that many forms of slurry compaction device may be used, and the die press illustrated should be consid- 
ered merely exemplary. 

The open spaces provided in the skeletal frame 22, i.e. holes 30 in collector 26 and the gaps between the 
rods or wires of collector 26', are highly important and serve a three-fold purpose. First, the spaces in the skel- 
etal frame foster the adherence of the slurry bed on both sides of the skeletal frame thus forming a unitary 

10 plate. Secondly, at the area proximate to the holes, the slurry bed has greater depth relative to the cathode, 
thus increasing the current production capabilities of the cell; the more open space the greater the effective 
depth of the active anode element 26, and therefore a greater theoretical power. Finally, the open spaces fa- 
cilitate separation of the active anode element 26 therefrom for recycling of the anodic material in anode ele- 
ment 26 for later reuse. The embodiment illustrated in Fig. 5 has been found particularly promising in this re- 

15 spect since the anode bed may be readily pulled off the straight wires 32 forming the skeletal frame 22*. 

As understood, production of electricity results in oxidation of the active anodic material in anode element 
26 to a less conductive oxide state. However, where a highly porous conductive anode material is employed, 
for example zinc produced according to our said copending European Patent Application, so long as there re- 
mains at least 10% zinc (no greater than 90% oxide) in the active anode element, the reduced surface area 

20 of the skeletal frame 22 (or 22') resulting from holes 30, from open spaces between wires 32, or from partial 
incorporation of non-electrically-conductive wires, has not been found to impair the current producing perfor- 
mance of the cell. 

Preparation of anode 20 (or 20*) is effected as follows: First the skeletal frame 22 (22') is formed and a 
slurry of active anodic material 26 is prepared. The granules of a suitable slurry of zinc and optional additives 

25 as described above, have an initial density of zinc of between 0.2 and 2.0 gr/cc and an active surface area of 
zinc between 0.5 - 6.0 m^/gr and are impregnated with and suspended in electrolyte, suitably comprising aqu- 
eous hydroxides of a group la metal, e.g. KOH. Optional additives as noted above may be included in the slurry, 
and prior to pressing the slurry may be homogenized in a blender. 

A first layer 26a of slurry of active anodic material 26 is layered into the recess 44 of female die-press 

30 member 42. The skeletal frame 22 (22') is placed over the first layer, and thereover a second layer 26b of active 
anodic material. Alternatively, the slurry may be first layered into recess 44. and skeletal frame 22 (22') then 
introduced before compacting. 

The slurry layers of the active anodic material and skeletal frame are compacted at room temperature un- 
der the male member 46, the pressure applied being within the range of 1.0 - 15.0 kg/cm^, the excess elec- 

35 trolyte being allowed to run off through channels 48. Compacting is effected until the active anode 26 forms 
a rigid plate, the slurry being adherent to itself and to the skeletal frame 22 and typically having a density In 
the range of 0.5 - 3.0 gr/cc. 

By an alternative method, anode 20' may be constructed as follows: A thick layer of slurry is inserted into 
recess 44 of female member 42, and the slurry bed is then compacted as noted above until a static bed of 

40 slurry 26' is formed. The skeletal frame 22' formed of rods or wires 32 is inserted into the center of the sakj 
static bed 26' either prior to, or, as illustrated in Fig. 7, after compacting to form the anode. 

From the foregoing description it should be clear that the present invention provides an improved compo- 
site anode combining a highly porous anode element for high current capacity white at the same time, as a 
result of compacting under pressure, an interparticulate structure for high peak power. Although particularly 

45 described with respect to an anode for a mechanically rechargeable zinc-air battery cell, it should be appreci- 
ated that the anode may be readily adapted for use In zinc-alkaline or other primary battery cell applications 
as well. 

It will further be appreciated by any person skilled in the art that a large range of variations may be intro- 
duced without departing from the scope of the inventk)n as defined in and by the appended claims. 

50 

Claims 

1. A zinc battery anode, comprising a substantially planar skeletal frame including conductive metal and hav- 
55 ing a portion of its surface area formed as open spaces, and further comprising an active zinc anode conv 

ponent encompassing the skeletal frame, said active anode component being formed of a slurry of porous 
granules comprising zinc, impregnated with and suspended in an elecfrolyte, and compacted under pres- 
sure to the skeletal frame. 
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2. A rechargeable zinc battery anode, particularly for mechanically rechargeable zinc-air batteries of the 
type having a housing defining an interior space and containing therein a replaceable metal electrode, 
said anode comprising a substantially planar skeletal frame Including conductive metal and having a por- 
tion of its surface area formed as open spaces, and further comprising an active zinc anode component 
5 encompassing the skeletal frame, sakJ active anode component being formed of a slurry of porous gran- 

ules comprising zinc, impregnated with and suspended in an electrolyte, and compacted under pressure 
to the skeletal frame, wherein said zinc anode is configured for removal from said interior space to enable 
the mechanical replacement thereof. 

10 3. The anode as claimed in Claim 1 wherein the skeletal frame comprises a planar metallic sheet selected 
from the group of metals consisting of copper, nickel, titanium and steel, optionally coated with metals 
selected from the group consisting of lead, tin, cadmium, nickel, silver and their alloys. 
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4. The anode as claimed in Claim 3 wherein the open spaces of the skeletal frame amount to 50% or more 
of the face of the said skeletal frame. 

5. The anode as claimed in Claim 4 wherein the open areas are obtained by punching, cutting, drilling, weav- 
ing, welding, soldering, brazing or casting of the skeletal frame material. 

6. The anode as claimed in Claim 1 wherein the skeletal frame comprises a series of spaced wires formed 
into generally planar surface. 

7. The anode as claimed in Claim 6 wherein the wires are formed of materials selected from the group con- 
~sisting of copper, nickel, titanium, steel, poly ^opylene, nylon, fluoropolymers and polyvinylchloride, op- 
tionally coated with metals selected from the group consisting of lead, tin. cadmium, ntekel, sDverand their 
alloys. 

8. The anode as claimed in Claim 7 wherein the open areas between the wires amount to 50% or more of 
the fece of said plate. 

^ 9. The anode as claimed in Claim 2 wherein the porous granules are produced by an electro-plating process 
and optionally honK>genized in a blender. 

10. The anode as claimed in Claim 9 wherein the electrolyte comprises aqueous hydroxides of one or more 
Group la metals. 

35 

11. The anode as claimed in Claim 10 wherein the slurry additionally comprises one or more additives se- 
lected from the group consisting of organic corrosion inhibitors, inorganic corrosion Inhibitors, gelling 
agents, electrolyte extenders, fillers and labelling agents. 

12. The anode as claimed in Claim 1 0 wherein after compacting the density of the active zinc anode element 
^ is in the range of 0.5 - 3.0 gr/cc. 

13. The anode as claimed in Claim 2 further comprising physical separators and optional ion selective mem- 
branes proximate to and covering the active zinc anode element and configured as a removeable cassette. 

45 14. A method for producing an improved zinc battery anode comprising the steps of: 

(i) forming from an electrically conductive metal a skeletal frame having some open spaces; 

(ii) preparing a slurry of porous granules comprising zinc, impregnated with and suspended in an elec- 
trolyte; with optional homogenization in a blender; ^ _ 

(ill) introducing the slurry and the skeletal frame Into a slurry compaction device; and 
50 (iv) compacting the slurry under pressure in the slurry compaction device to form a rigid plate while 

allowing excess electrolyte to run-off. 

15. The method as claimed in Claim 14 wherein the skeletal frame is formed of a generally planar metallic 
sheet selected from the group of metals consisting of copper, nickel, titanium, and steel, optionally coated 

55 with metals selected from the group consisting of lead, tin, cadmium, nickel, sih/er and their alloys. 

16. The method as claimed in Qaim 15 wherein the skeletal frame plate is formed with rentoved areas 
amounting to 50% or more of the face of the plate. 
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17. The method as claimed in Claim 1 6 wherein the removed areas are obtained by punching, cutting, drilling, 
weaving, welding, soldering, brazing or casting the skeletal frame material. 

' 18. The method as claimed in Claim 14 wherein the skeletal frame is formed into a generally planar and rec- 
5 tangular shape from a series of spaced wires. 

19. The method as claimed in claim 17 wherein the wires are formed of material selected from the group con- 
stituting of copper, nickel, titanium, steel, polypropylene, nylon and polyvinylchloride, optionally coated 
with metals selected from the group consisting of lead, tin, cadmium, nickel, silver and their alloys. 

10 

20. The method as claimed in Claim 1 9 wherein the skeletal frame is formed with Its face having 50% or more 
open areas. 

21. The method as claimed in Claim 14 wherein the porous granules are prepared by an electro-plating proc- 
ess. 

22. The method as claimed In Claim 21 wherein the electrolyte Is produced from water and hydroxides of 
Group la metals. 

23. The method as claimed in Claim 22 wherein the slurry is prepared with additives selected from the group 
20 consisting of organk: corrosion Inhibitors, inorganic corrosion inhibitors, gelling agents, electrolyte extend- 
ers, fillers and labelling agents. 

24. The method as claimed in claim 22 wherein the initial density of the granules is between 0.2 - 2.0 gr/cc 
and the active surface area thereof is between 0.5 - 6.0 m^/gr. 

25 

25. The method as claimed in Claim 24 wherein the slurry and skeletal frame are layered into the slurry com- 
paction device as follows: a first layer of slurry, then the skeletal frame, then-a second layer of slurry. - 

26. The method as claimed in Claim 24 wherein all the slurry is layered into the slurry compaction device 
and then the skeletal frame is introduced. 

27. The method as claimed in Claim 25 wherein pressure applied to the slurry is within the range of 1 - 15 
kg/cm^ until the granules adhere to themselves and to the skeletal frame to form a rigid plate, wherein 
the active anode element has the following characteristics: density in the range of 0.5 - 3.0 gr/cc. 

^ 28. The method as claimed In Claim 27 wherein the temperature under which the pressure Is applied is within 
the range 15-35''C. 

29. A method for producing an improved zinc battery anode comprising the steps of: 

(i) forming firom an electrically conductive metal a skeletal frame having some open spaces; 
40 (11) preparing a slurry of porous granules comprising zinc, impregnated with and suspended in an elec- 

trolyte; 

(ill) placing the slurry In a slurry compaction device; 

(iv) compacting the slurry under pressure to form an active zinc anode component in the form of a rigkJ 
plate while allowing excess electrolyte to run-off; and 
45 (v) inserting at least part of the skeletal frame into the active zinc anode element. 

30. A zinc-air battery cell, adapted for multiple discharge and recharge cydes. comprising a housing defining 
an interior space for containing therein a replaceable zinc battery anode as claimed in claim 2 in combin- 
ation with a b'rfunctional air electrode adapted to constitute a charging electrode adapted upon reversal 

so of current flow to effect the reduction and regeneration of the active zinc in a first mode of operation and 

wherein said zinc anode is configured for removal from the interior space to enable the mechanical re- 
placement thereof as well as being rechargeable in situ by the application of electric current to said bi- 
functional air electrode to reduce oxidised active zinc thereof. 

31. Use of a zinc battery anode as claimed in any one of daims 1 to 13 or a zinc-air battery cell as daimed 
in daim 30 in automotive vehide propulsk)n. 
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